Thus Sir Thomas Browne in a Letter to a Friend. His words may aptly serve as my text to these remarks on the epidemiology of encephalitis lethargica.
PAST APPEARANCES OF ENCEPHALITIS LETHARGICA When encephalitis lethargica appeared in this country in 1918, its advent was sudden, "a blast from the stars", as Willis might have termed it. To all intents and purposes we mere faced with a new disease, whose pathology, clinical features, and epidemiology had to be worked out de novo. Owing to war conditions then prevailing, we w-ere not aware until later of the description given by von Economo of the disease which had appeared the year previously (1917) in Vienna. There was also an outbreak of obscure disease in Roumania in 1915, which Marinesco subsequently regarded as one of encephalitis lethargica. Later the medical historians searched into the annals of the past and produced examples of similar outbreaks of disease of the central nervous system associated with lethargy. There is the " lethargus " accompanied by fever of Hippocrates, Coelius Aurelianus, and Aretaeus of Cappadocia. Netter doubted this identification with encephalitis. von Economo quoted a record of a, " Schlafkrankheit " epidemic in the year 1580, which affected nearly the whole of Europe. Sydenham described an epidemic which he called febris comatosa, on account of sleepiness being a prominent symptom. This prevailed in London from 1673 to 1675. The symptoms resemble those of encephalitis lethargica and hiccup is noted among them. Ebstein (1921) considers that this is probably the first accouint of an epidemic of encephalitis lethargica, which we possess. In 1695 Albrecht of Hildesheim described a sporadic somnolent ophthalmoplegic form, an isolated case. The Tiibingen outbreak of 1712, frequently called " sleeping sickness " through a mnisquotation from the original account by Camerarius, does not appear to have been lethargic in nature. In 1745 Ozanam mentioned in his Histoire des Maladies Epidemiques a sleeping epidemic, and in 1763 Lepecq de la Cloture is said to have described a coma somnolentum" in Rouen. Chorea electrica, as described by Dubini in 1846, may be identical with the myoclonic form of encephalitis. From 1890 to 1891 an epidemic somnolence prevailed in Italy termed " nona". This followed on the pandemic of influenza (1889 to 1890) during which cases with cerebral symptoms arose, equally suggestive of encephalitis lethargica.
In It is naturally interesting to speculate as to why encephalitis lethargica reappeared among us in epidemic form and rapidly became so prevalent that in a comparativelv short time outbreaks were reported from all quarters of the globe. One cause, indubitably, is the increased subjection of the human central nervous system to attacks of epidemic disease. I devoted one of my Milroy Lectures in 1925 to this subject. In it I dwelt upon the appearance of outbreaks of cerebrospinal meningitis on a scale of severity previously unknown in this country (this disease still prevails and there was a high incidence of it in England and Wales in 1931), the prevalence of epidemics of poliomyelitis since 1897, and the advent of encephalitis lethargica. Even this high epidemic prevalence is not the whole story. There are, as we shall consider presently, several forms of epidemic encephalitis; an increased number of cases of encephalitis have been recorded in recent years as sequelae of the acute infectious diseases, e.g. measles and scarlet fever; post-vaccinal encephalitis has proved a serious problem since 1922, and from time to time outbreaks of obscure nervous disease are reported which fit into no recognized nosological classification.
In the lecture to which I have referred, several possible explanations, not necessarily incompatible, for this increased frequency of epidemic nervous diseases. were discussed.
Modern methods of transportation, for instance, bring individuals in contact with one another much more frequently than formerly. Infection may thus travel with the speed of modern transport from one country to another, or from one part of the same country to another. The increase of large towns, the tendency of urban populations to assemble in crowded gatherings, enhance the opportunities for personal infection, and a disease which in the eighteenth or nineteenth centuries might have been sporadic or endemic becomes epidemic or pandemic in the twentieth century. The movements of troops to a.nd fro in all parts of the world during the war favoured outbreaks of influenza and cerebrospinal meningitis. At the same time I pointed out this could not be the whole explanation, for both cerebrospinal fever and poliomyelitis had been increasing in frequency and assuming epidemic form prior to the war, whilst the increase in encephalitis lethargica, subsequently to the war years, possibly implied an increasing susceptibility of nervous tissues to infection.
We may further speculate as to whether epidemic diseases of the central nervous system occur in epidemic cycles, as do influenza and other infectious diseases. The historical evidence for encephalitis lethargica, which we have considered, implies that the materies morbi of the disease must have been present in the world for centuries. For the initiation of an epidemic wave it may be surmised that several factors come into play from time to time. which, either by increasing the virulence of the causal virus, or by lowering the defensive forces of the human organism, or by the exercise of both influences, bring about an epidemic.
It is also well not to forget the question of the soil in considering the seed. It is a truism of medicine that a disease is prone to attack an individual at the weakest or most fatigued point of bodily resistance. To this rule the central nervous system is no exception. Hughlings Jackson long ago pointed out that study of the individual patient comes before the study of the disease, for a disease is rarely typical, but is modified by the characteristics of the patient. The environmental conditions under which the human nervous system functions to-day have been considerably modified by so-called modern progress ; the system itself is subjected to more frequent and urgent stimuli than formerly. Fatigued or overworked tissues of the central nervous system may be thereby rendered more susceptible to the attacks of invading organisms. Encephalitis lethargica has an epidemic seasonal prevalence, so that cosmic influences, to which the epidemiologists of the seventeenth and eighteenth centuries paid much qttention, should not be overlooked. There is also the possible evolution of new organisms affecting the central nervous system. This may have occurred in one of the following ways: (a) originally harmless parasites of man may have assumed inimical characteristics, in the struggle for existence ; (b) they may have been organisms causing catarrh of the nasopharynx or gastro-intestinal tract which now tend to affect the brain and spinal cord. The catarrhal forms seen in the abortive or mild types of encephalitis lethargica or poliomyelitis afford some support for this view; (c) the organisms may resemble the pneumococcus in being widespread amongst human beings and capable, under certain conditions, of giving rise to antigenic infection; (d) they may have been saprophytes in nature but are now assuming the role of human parasites. Of this we have no evidence. Investigations into epidemic nervous disease in animals have afforded no substantial evidence that the increasing incidence of epidemic nervous disease is due to the transmission of epizootic organisms to man. It is true that Mr. L. P. Pugh, F.R.C.V.S. (1926) reported an outbreak of epidemic encephalitis in dogs which occurred at Sevenoaks, March to July 1926. There were a definite number of lethargic cases, and over 30 cases were fatal. Mr. Pugh considered that both in symptomatology and in the character of the cerebral lesions this canine disorder was almost identical with human encephalitis lethargica. It is of course possible that the virus may simultaneously affect man and animals in epidemic form.
Our discussion proves to be a philosophical exercise, for none of the speculations advanced as to the advent of encephalitis lethargica is capable of scientific proof. We have still much to learn about the laws which initiate outbreaks of epidemic disease. Greenwood and Topley's researches (1936) into experimental epidemiology are teaching us the elements of the subject. Their evidence that an outbreak of disease may be initiated by the evolution or importation of an " epidemic strain " of the causative organism bears upon the problem of the appearance of encephalitis Jethargica in epidemic form.
ENCEPHALITIS LETHARGICA AND THE EPIDEMIC CONSTITUTION
I shall not delay here to discuss whether epidemiologically, encephalitis lethargica is part of the " epidemic constitution " of influenza, a thesis which was so ably advocated by that great epidemiologist, Sir William Hamer (1928) whose recent death we all deplore. The subject has been discussed repeatedly before this Section, and I have shown elsewhere that in their manner of invasion, symptomatology, courses and complications, influenza and encephalitis lethargica are quite distinct, and in their epidemic behaviour there are striking differences. This statement, as Professor Greenwood (1935) points out, would probably have been accepted by Hamer and his disciple Crookshank as correct. The whole contention is that the different forms of epidemic nervous diseases are not influenza but part of its setting, " trailers", which sometimes precede and sometimes follow the outbreak of influenza.
The recent epoch-making researches of Smith, Laidlaw, and Andrewes (1933, 1935) have solved the problem of the aetiology of influenza by demonstrating that a filtrable virus will transmit the disease to ferrets. It also appears that different strains of the virus seem to be responsible for different clinical forms of influenza, and this is suipported by the specificity of the immunological reactions observed.
Influenza becomes thus more clearly defined as a clinical entity, and, in the light of this knowledge, it seems even still more unwise to assume that all cases of disease occurring in the course of a widespread epidemic of influenza are necessarily an integral part of the epidemic. Otherwise, we leave medical science for the realms of astrology. "The fault, dear Brutus, is not in our stars, but in ourselves."
THE VIRUS OF ENCEPHALITIS LETHARGICA There seems little doubt that encephalitis lethargica is due to a filtrable virus.
Here we can admit an aetiological resemblance to influenza. From one of von Economo's first cases in 1916-17 von Wiesner inoculated brain matter, taken from a fatal case of encephalitis lethargica, into amonkey, which exhibited lethargic syniptoms.
von Wiesner erroneously regarded a symbiotic diplostreptococcus as the causal organism.
McIntosh inoculated material from eight of the fatal cases in the English outbreak of 1918 into Macacus rhesus monkeys, with no definite results. Loewe and Strauss (1919, 1920) and others obtained a virus after experimental inoculation of encephalitic material into rabbits, but a spontaneous chronic meningo-encephalitis in rabbits was later described (Oliver 1922 , Twort 1922 , McCartney 1924 ). Levaditi's virus (1922) , also recovered from rabbits, was found to be identical with the virus of herpes febrilis, although work by Perdrau (1925 work by Perdrau ( , 1936 and by Da Fano and Perdrau (1927) suggests that the encephalitic virus may bear some relation to the virus of herpes.
In McIntosh (1920 succeeded in transmitting encephalitis lethargica to a Patas monkev with material from one of the fatal cases in the Derby institutional outbreak, which I investigated. A filtered emulsion of cerebral and spinal tissue was used. On examination Turnbull found that the monkey's brain showed lesions similar to those found in human cases of encephalitis lethargica. Subsequently, McIntosh and Turnbull (1920) reported the successful transmission in series of experimental encephalitis lethargica to monkeys and rabbits which completed the evidence necessary to show that the disease is caused by a living virus. Additional proof was provided by the spontaneous infection with encephalitis lethargica of a Macacus cynomo1gus monkey kept as a control along with an inoculated monkey. McIntosh and Turnbull pointed out that this was the first indisputable occasion upon which experimental transmission of encephalitis lethargica to an animal was successful. This work by McIntosh and Turnbull has not received the recognition it deserves, mainly because other investigators have failed to repeat the experiment. In my view this is because encephalitis lethargica runs a protracted course, as a rule, and the virus is no longer active in the cerebral tissues by the time the patient is dead. This would explain the failure of McIntosh's earlier experiments. But the successful experiment was inoculated with material from a fulminating outbreak of encephalitis lethargica; twelve women were affected and there were five deaths. The patient from whom the material was obtained died within eight days of the onset of her disease. So virulent was this outbreak that death occurred before the inflammatory reaction characteristic of the disease had time to develop in the patient's cerebral tissues. In another case of mine in the 1918 outbreak, in which death occurred five days after onset, the inflammatory reaction, though present, was slight in degree in the brain. In Lereboullet and Hutinel's case (1919) , which proved fatal after a week's illness, the histological findings were almost completely negative, although the clinical symptoms were typical of encephalitis lethargica. von Economo, I find, notes similar instances.
He writes:-" In hyperacute cases, particularly as seen during the epidemic of 1920, where simultaneously with the hyperkinetic syndrome a grave toxic condition often developed, many cases revealed at the post-mortem examination no other positive finding than an oedema of the brain-substance, cloudy swelling of nerve-cells and an increase of glia nuelei. This shows that there are cases of encephalitis lethargica, with a fatal issue before the signs of an inflammatory infiltration of vessels, &c., have had time to develop."
The delicate nature of the virus is indicated also by the fact that it died out eventually after transmission in series by McIntosh and Turnbull. This may prove to be of epidemiological significance in explaining the waning of an epidemic of encephalitis lethargica.
Route of infection.-As with cerebrospinal fever and acute poliomyelitis, it seems a fair assumption that the virus of encephalitis lethargica first affects the upper respiratory passages; here it may either lurk and give rise to the carrier phase in the person affected, or may pass on to attack the brain. There is no definite catarrhal stage associated with its early manifestations, but sore throat is a frequent concomitant. In view of the frequency of initial conjunctivitis, the virus may possibly reach the brain by the orbital route; infection by the gastro-intestinal route is also a possibility. (Milroy Lectures, 1925) , the epidemiological evidence which is already available in regard to cerebrospinal fever and acute poliomyelitis greatly facilitates an understanding of the behaviour of encephalitis lethargica. In addition to the experimental evidence of transmission of the virus the chief facts relating to the spread of encephalitis lethargica by personal contagion may be thus summarized:
(1) The restricted topographical distribution of cases. I found this in 1918 in certain districts, notably in the county borough of Stoke-on-Trent. The same tendency for examples of encephalitis lethargica to clump in certain areas of a town or city was noted in 1924 in Sheffield, Bristol. and elsewhere, and is probably associated with density of population and increased opportunities for case-to-case infection. Parsons (1922) found in Bristol and other towns that this topographical distribution tends to be the same in different epidemic years-a circumstance which suggests the presence of endemic foci of the disease.
(2) The examples of multiple cases in families and localized outbreaks in small communities. Dr. Parsons (1922) and I have put on record in official reports several examples of multiple cases of encephalitis lethargica in families and Netter, Van Boeckel (1920) , Kling and Liljenquist (1921) , and others have reported a number of similar instances.
The institutional outbreak of encephalitis lethargica in a home for girls at Derby in 1919, where 12 persons were attacked out of 22 inmates and there were 5 deaths, has been already mentioned. John and Stockebrand reported a similar outbreak at Mulheim in 1922. Here 28 cases with 13 deaths occurred in twenty days.
(3) Examples of' case-to-case infection where infection from a common source was apparently excluded have been reported by R. J. Reece (1919) and others.
(4) The association of mild and ambulant cases with declared cases of encephalitis lethargica. Like cerebrospinal fever and poliomyelitis, encephalitis lethargica has its mild and abortive cases; through their medium the conveyance of infection from one person to another seems more than probable. In the Derby outbreak I described three abortive cases wrbich affected all the members of the staff of the Home. The symptoms were slight, comprising nausea or vomiting and diarrhmea, " fainting turns", and stiffness in the muscles of the neck. One patient had sli,ght double ptosis which soon cleared. The attacks of illness lasted for one day. A number of similar instances were encouintered in 1924 in Liverpool, Sheffield, and elsewhere. Epidemic hiccup seems to be an example of encephalitis lethargica of a mild type.
The disease is infectious it has been seen in definite association, for instance, in the same household with encephalitis lethargica, an attack of hiccup may precede or accompany the nervous symptoms of the major disease, and there is good reason, in view of the cumulative evidence, for regarding epidemic hiccup as a mild or frustrated form of encephalitis lethargica. The epidemiological concept of encephalitis lethargica is, therefore, similar to that of various epidemic diseases of the central nervous system; thus, while associated groups of cases or definite epidemics sometimes come to light, the ordinary train of evidence is that only here and there does the widespread infecting agent find an individual who reacts with an unmistakable illness manifested bv a characteristic syndrome. Alternatively, the agent may infect the individual with such a massive dose, or in such a special manner, that the characteristic disease is produced. In other words, for every definite and characteristic case of encephalitis lethargica there is a large and indeterminate number of people who receive and carry the infection without themselves suffering noticeably, or at all.
EVIDENCE FOR THE EXISTENCE OF OTHER FORMS OF EPIDEMIC ENCEPHALITIS
Epidemiology has come to mean the study of disease as a mass phenomenon. Sometimes a dividing line is drawn between the epidemiologist and the clinician. This hinders progress, for no man can be a successful epidemiologist in the field unless he is also a skilled clinician. The founders of modem epidemiology, for instance William Budd and John Snow, were highly competent medical practitioners. The vital statistician need not necessarily be a graduate in medicine, but he is dependent upon the knowledge of the clinician for the straw with which he makes his mathematical bricks. If Sir William Jenner had not distinguished between typhus and typhoid fever, an epidemiologist working in a country where both diseases prevailed would naturally treat them as one, and his mathematical curves would, I presume, be seriously vitiated. Epidemiology must ever be dependent upon medicine. This principle must closely be remembered in the epidemiological study of encephalitis lethargica.
For Sir Thomas Browne's prophecy has come to pass. With the modern aids to dissemination of knowledge and intercommunication between the four quarters of the globe, Asia, Africa, and America have brought in their list of epidemics of encephalitis, Pandora's Box has swollen and there is, indeed, "a strange pathology ".
I have already referred to the increased number of cases of encephalitis recorded in recent years as sequelae of the acute infectious diseases and to the appearance of cases of post-vaccinal encephalitis. During the past fifteen years I have seen a number of sporadic cases of polio-encephalitis in addition to the examples occurring in epidemics of poliomyelitis along with the spinal form of the disease. There can be little doubt, as was evident in the Broadstairs and other recent outbreaks, that the virus of poliomyelitis is displaying a greater tendency in some instances to attack the brain rather than the spinal cord. This cerebral type of poliomyelitis has to be distinguished from encephalitis lethargica.
In Japan several outbreaks of encephalitis have occurred during the past hundred years. The disease is known as " summer encephalitis " from its prevalence in the hot summer months. A large outbreak occurred in the summer of 1924, when there were over 7,000 cases with a fatality rate of 60%. Another large epidemic was recorded in August-September 1935; it caused about 5,000 deaths. Meningeal phenomena with fever and semiconsciousness predominate. The disease is due to a filtrable virus transmissible to monkeys and rabbits (Takaki 1926, and Taniguchi 1935) . It is distinguishable both clinically and pathologically from encephalitis lethargica, and bears a close resemblance to the Australian-X-encephalitis described by Cleland and Campbell. This latter disease occurred in New South Wales in 1917 Wales in and 1918 Wales in , and again in 1922 Wales in and 1926 . The fatality rate was 70%.
A remarkable outbreak of encephalitis occurred in St. Louis, U.S.A., during the late summer of 1933. Over 1,000 persons were attacked. The case mortality rate, which had an average of 20%, showed a striking increase in relation to the age of the patient: thus under 40 years of age it was less than 10%; in the 40-50 agegroup it was 12%; in the 50-60 group 21%; in the 60-70 group 38%; in the 70-80 group 56%; and in the 80-90 group 80%. In over half the fatal cases death occurred in the first week. Pathologically, the lesions differed in several respects from those of encephalitis lethargica. The disease was transmitted to monkeys and a filtrable virus was recovered, distinguishable by serum tests from encephalitis lethargica and poliomyelitis, and by animal tests from Japanese encephalitis. The careful study of this new clinical entity by American workers is a striking tribute to co-ordinated investigation.
These examples from Asia, Australia, and America indicate that the epidemiologist must not accept every outbreak of epidemic encephalitis as one of encephalitis lethargica. Equally, as von Economo, Redlich, and Sicard pointed out, not every case of encephalomyelitis of unknown origin should be described as encephalitis lethargica.
ENCEPHALITIS LETHARGICA AS AN INDEPENDENT DISEASE
One of the characteristic features of epidemics of encephalitis lethargica is the different types of nervous manifestations which they present, or to use a more sonorous 6 6 description, " their symptomatological polymorphism ". From the clinical point of view, broadly three types are distinguished: (1) General disturbance of the functions of the central nervous system but without localization; (2) various localizations in the central nervous system; (3) mild or so-called abortive cases. As I observed in my original account of the disease in 1918, the characteristics of one clinical type are often shared by another type, and it is sometimes difficult to say which characteristic predominates. An ataxic case may have severe ophthalmoplegia, while tremors may appear in all types of case. The various types in an epidemic show signs of common identity. The resemblance is not only evinced by the general symptomatology but is shown by the gradual merging of the cases of one type into cases of another type: occasionally, the change from one form to another takes place in an individual patient. In each single epidemic certain types predominate, e.g. in one epidemic the lethargic-ophthalmoplegic type prevails, in another the bulbarparalytic, amyostatic, or hyperkinetic. These might seem to be different diseases were it not for their simultaneous appearance in one and the same epidemic. Further, as von Economo stated, " the variety within the individual epidemic does not only refer to the neurological aspect of the disease ; there are also other differences between one locality and another, one epidemic and another differences in the general toxicity of the affection, the mortality, the course of the disease, and even the frequency of the dreaded sequelae."
In spite of this protean aspect of encephalitis lethargica. there is overwhelming evidence from the clinical, pathological, and epidemiological standpoints that encephalitis lethargica is an independent disease, and is distinguishable from the other forms of epidemic encephalitis which are occurring and which are being identified.
One further clinical point may be of interest to the epidemiologist. When encephalitis lethargica first appeared, both in Vienna and in England the predominant type was the somnolent-ophthalmoplegic type, a lesion in or near the 3rd nerve nucleus. VoIn Economo considered that this type should be regarded as the basic form proper of encephalitis lethargica. My own observations would support this view. In 1926, Dr. G. Ashton and I made a study of the clinical records of 42 insured patients whose deaths were certified as due to encephalitis lethargica in 1924. The largest group (15 cases) consisted of cases with 3rd nerve paralysis. I said then:
' The impression is obtained that the incidence of encephalitis lethargica continues to fall largely within this group, but that unless careful and sustained observation is maintained from the beginning of the illness the mesencephalic localization is apt to be overlooked, for it is often slight in degree or transient, and secondary physical signs are regarded as the salient and primary features of the illness." Through the courtesy of Dr. Isabel Wilson of the Board of Control, my attention has been drawn to a monograph entitled " Epidemic Encephalitis in Saxony ", by Dr. Walter Biisse of Gottingen, published in 1933. His figures show a similar predominance of the basic somnolent type of encephalitis lethargica in the 520 cases studied.
CONCLUTSION Encephalitis lethargica has been notifiable in England and Wales since 1919. The highest year of incidence was 1924, when 5,039 cases were notified, with 1,407 deaths. Since that year the incidence has gradually declined, and from 1930 onwards the deaths as aftermaths of the severe epidemic incidence have exceeded the notifications. In 1936, 269 cases were notified, and there were 686 deaths.
From time to time sporadic cases are notified and, occasionally, multiple cases in one family come to light. For example, in March 1936, four cases in one family were reported from an urbain district. The epidemiologist cannot, therefore, dogmatize upon the future behaviour of this malady. He can only hope that the declining incidence means that it will become rare enough again to disappear from our records.
The various aspects of the disease which we have considered denote that encephalitis lethargica is a clinical entity and is to be distinguished from other forms of epidemic encephalitis which are appearing in our midst. Our clarification of this problem, based at first on clinical and epidemiological work, has been confirmed and strengthened by the remarkable increase within quite recent years of our knowledge of the filtrable viruses. As Topley and Wilson (1936) remark, " Bacteriology is on the march again ", and we may add that epidemiology is once more sharing in its achievements.
